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Short Summa ry of IUPAC Noi 



of Orga nic Compoun ds 



Introduca oa 

The purpose of the IUPAC system of nomenclature is to establish an international standard of 
naming compounds to facilitate communication. 'JTie goal of the system is to give each strucLure 
a unique and unambiguous name, and to correlate each name with a unique and unambiguous 
structure. 



I- Fundamental Principle 

IUPAC nomenclature la based on naming a molecule's longest chain of carbons connected by 
single bonds, whether in a continuous chain or in a ring. AL deviations, either multiple bonds or 
atoms other than carbon and hydrogen, are indicated by prefixes or suffixes according to a 
specific set of priorities. 

n_ Alkaagg and Cvd pa Bkaqea 

Alkanes are the family of saturated hydrocarbons, lhat is, molecules containing carbon and 
hydrogen connected by single bonds only. These molecules can be in continuous chains (called 
linear or acyclic), or in rings (called cyclic or alicyclic). The names of alkanes and cydoalkanes 
are the root names of organic compounds. Beginning with the five-carbon alkanc, the number of 
carbons in the chain is indicated by the Creek or I-atin prefix. Rings an; designated by the prefix 
"cyclo". (In the geometrical symbols for rings, each apex represents a carbon with the number of 
hydrogens required to fill its valence,) 



CH4 


methane 


CH 3 CH 3 


eLbanc 


CH3CH2CH3 


propane 


CHjICHifcCHg 


butane 


CH3ICH2J3CH1 


peatane 


CH3lCH2] 4 CH 3 


bejtane 


CH3|CH23iCH 3 


heptaoe 


CH 3 [CH2lfiCH3 


octane 


CH3LCH2I7CH3 


gonane 


ch 3 [cHz76c:h3 


decane 


CH3lCH2ls>CH 3 


undegaoe 




H 



A = 

cyclopropane 



H 



H 



O 



cyclobexane 



CH 3 rCH2]ioCH 3 
OftlCHahiCHa 
CH3[CH2Ji 2 CH 3 
CH 3 lCM2l 18 CH3 
CH 3 lCH2ji9CH 3 
CH 3 rCH 2 ]2oCH 3 
CH 3 rCH 2 ] 2 jCH 3 
CH3[CH 2 ] 28 CH 3 
QH3[CH2J29CH 3 
CH 3 [C3l2l38CH 3 
CH3[CH 2 ]48CH 3 



□ 

cyciobutane 



dodecaue 

tridecana 

tetradecane 

icosane 

henicosane 

docosane 

tricosano 

triacontanc 

hentriacontune 

tctmcontane 

pantacontane 

o 

cyclopentanc 



o o 



cycloheptano 



cyclcK>cLanc 
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Short Summary of IUFAC Nomenclature, p. 2 

IB. M^ ^faittre ofMoleoil** Cun^ttt p Sid*dta*nl* and Functional Qroupj 

A. PWr>rfri eK rfgubffuig ff fliKl j^^^^^ mpiTY except that the *ubstiUicnts within 
LISTED HERB FROM HIGHEST TO LOWEST PRLUKii y . except um 
Group C have equivalent priority. 



Group A^zEim 
Mi^yqf Compound 


Strucmre 
O 


Prefix 


Suffix 


Carboxylic Acid 


R-C-OH 
O 


carboxy- 


oic acid 

(-carboxylic acid) 


Aldehyde 


O 


oxo- 
(formyl) 


(caibaldehyde) 


Ketone 


R-'i-R 


oxo- 


-one 


Alcohol 


R-O-H 


hydroxy- 


-ol 


Amine 


/ 


amino* 


-amine 




itional Groups 


Indicated By SuflbtOjily 



Family Qfgompopnd 
Alkene 



Alkyne 



Structure. 

\ / 



Prefix 



GgguiiC — Sflfesqtuente Indica ted t>Y Prefix Only 



S ifbstituent 

Alkyl (see list below) 

Alkoxy 

Halogen 



Structure 

CI — 
Br — 
I — 



alkyl- 

alkoxy- 

flvoro- 
chloro- 
bromo- 
iodo- 



SufQa 



-CUB 



-yne 



Suffix 



Group C continued on next page 
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Shun Summary of 1UPAC Nomenclature, p. 3 



Group C — Substlttients, continued 

Miscellaneous substitucnta and ihcir p refixes 



— N0 2 CH=CH 2 

nitro vinyl 



CH^CH — CH^ 
ally! 




Commo n aUsy^graiiBa— -replace "ane" ending of alkanc name with "yl" Alternate names tor 
complex SUbStitUents arc given in brackets. 



■CH, 
methyl 



~ ~ ' CH7CH3 



echyl 



— CH2CH2CH3 
propyl (n-pfopyl) 



— CH 2 CH 2 CH 2 CH 3 
butyl (n-butyl) 



CH-, 

-CH 

\ 

CH 3 

isopropyl 
[l-metbylethyl| 

-CH 2 — CH 
isobutyi 

f2-mcttiylpropyll 



,CH 3 

— CH 

v 

CffjCH-j 

H-raethylpropylJ 

CH 3 

— C-CH 3 
CH 3 

tert-butyl or f-butyl 
[1,1-dimcthylcthylJ 



B. Naming Substituted ABca nes and Cyclosdkanefi — Group C Subetitucnts Only 

I • Organic compounds containing aubstitnents from Group C arc named following this sequence 
of steps, as indicated on the examples below; 

-Stepl. Find the longest continuous carbon chain. Determine the root name for this 
parent chain. In cyclic compounds, the ring i* usually considered the parent chain, unless it is 
attached to a longer chain of carbons; indicate a ting with the prefix "cyclo" before the root 
name. (When there are two longest chains of equal length, use the chain with the greater number 
of subsUtuents.) 

•Stejp 1. Number the chain in the direction such that the position number of the first 
Mibstituent as the smaller number. If the fim substituents from either end have the same number, 
then number so that the second Subfttitucnt has the smaller number, etc. 

♦Step 3. Determine the name and position number of each inibsfltuent. (A substitute on 
a nitrogen is designated with an "AT 1 instead of a number; sec Section THJDA. below.) 

•Step 4. Indicate the number of identical groups by the prefixes di, crl, tetra, etc, 

■Step 5. Place the position numbers and names of the ftuhstituent groups, in alphabetical 
order, before the root name. In alphabetizing, ignore prefixes like sec-, tert-, ai, tri, err:., but 
include iso and cyclo. Always include u position number for each substituent regardless of 
redundancies. 
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Short Summary of 1UPAC Nomenclature, p, 4 



Examples 

6 7 j 

1 2 3 CH^j CH2CH2CH3 

CH 3 — CH— CH^t — <CH-5-CH 2 CH 3 



CH2CH2CH3 



+ 



-I- 

Cl Br CH3 r i^rx 1 

3-brc)mo'2-chlo^o-5-cthyl-4,4-dimothyloctaiie 3-fluoro^-tsopropy]-2-n^thylheptane 



J 



CH 3 ~ CH T CM— CHCH3] 



I^C - CHCH2CH3 




1 s9tfobutyl-3-aitrocycloboxaT\o 
(numbering determined by the 
alphabetical order of subutituents) 



NO, 



C. Naming Molecules C ontaining Functional Groups from G r oup B— Suffix Only 

1. Alkenes — Follow the same seeps as for alkanes, except: 

a, Number the chain of carboriK that includes the C=C so that the C =C has the lower 
position number, since it has a higher priority than any gubstituents; 

b, Change "inn?" to 4, ene 11 and assign a position number to the flist carbon of the C =C; 

c, Designate geometrical isomers with a ci^trarus or K f Z prefix. 



/ CH~CH-CH=CH 2 

F CH 3 
4,4-dif J uom-3 m cthylbu t- 1 -one 



C=C — CH=CH 2 




1 , 1 -difluDTX)-2-methyl' 
butu~l,3-diene 

1,3-diene 

Special case: When the chain cannot include the C=C, a fiubtrtituent name is used 



2 3 
5 -met hy icy clopenta- 



CH 2 3-vlnylcyclohex-l*cne 



2. AJkyno* — follow the same steps ax for alkanes, excupu 

a, Number (ho chain of carbons thai includes the CtC so that Che functional group has the 
lower position number; 

b. Change "aue" to "ync" and assign a position number to the first carbon of the CtC. 

Note: The Group B functional group* (atkenc and alkyno) arc considered to have equal priority: 
in a molecule with both a double and a rriple bond, whichever is closer to ihe end of the chair* 
determines the direction of numbering. In the case where each would have the same position 
number, the double bond takes the lower number. Tn the name, "ene** comes before "ync" 
because of alphabetization. Sec example* on next page. 
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Short Summary of 1UPAC Nomenclature, p. 5 

f H 

\ I2 3|45 543^1 

CH- CH C= CH HC=C— C= C*ft*CHj HC= C— 0^0*1= CH 2 

/ I pcnt-3-cn-l-yne pent-l-cn-4-yne 

F CR3 (■ W' closer to end ("ene" and H yne" have equal 

4Adifh4ou>-3-methytbut-l-yne of chain) priority unless they have the 

same position number, when 
"ene" takes the lower number) 

(Note*: 1. An u e" is dropped if the Ictor following it is a vowel: "pmtrS-mrl-yn*" . not M 3- 
pent^n^T-yne". 2. An^a" is added if inclusion of di, tri. etc., would put two consonants 
consecutively: "buta-1 ,3-dicuV\ not "but-1 , 3-dic?nc".) 

D. Naming Molecules Containing Functional G roup s from Group A— Prefix or Suffix 

In naming molecules containing one or more of the functional groups in Group A. the group of 
hiabest priority is indicated by suffix; the orheis are indicated by prefix, with priority equivalent 
toluiy other subsdtucats. The table in Section III A. defines the priorities; they are discussed 
below in order of increasing priority. 

Now chat the functional groups and subatiuients from Groups A, B, and C have been described, a 
modified set of steps for miming organic compounds can be applied to all simple atrocturefl: 

•Stepl. Hud the highest priority functional group. Determine and name the longest 
continuous carbon chain that include* this group. 

•Step 2. Number the chain so that the highest priority f motional group is assigned the 

lower num£^ £f ^ Qhaln ^lu^ multiple bonds (Croup B) v rcolacc "ane^vvith "ene" 

for an alkene or "yne" for un alkyne. Designate the position of the multiple bond with the 
number of die first corbon of foe multiple bond. 

•Step 4- if the molecule includes Group A functional grouos, replace the last e with the 
suffix of the highest priority functional group, and include its position number. 

•Step 5. Indicate all Group C substltueots, and Group A functional groups of lower 
priority, with a prefix. Vlace the prefixes, with appropriate position numbers, m alphabetical 
order before Ihe root name. 

1. Amine*: prefix; aminos suffix: -amine— flubsdnients on nitrogen denoted by "If 9 

CHpx^^sV NH 2 CH 3 CH* s ^CH 2 CH 3 

CH 3 CH 2 CH 2 — NH 2 CH 2 =^ CH- CHCH 3 

propan-l-amine 3-mothoxycydohexan-l-amine ^iV^diethylbut-3-en-2-aniine 
("l" Js optional in this case) 
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Short Summary of TUPAC Nomenclature, p. 6 

2. Alcohols; pjefix; hydix>xy; suffix: -ol 

OH 



OH 



CH^d^ — OH , H 3 C— CH"CH=CH 2 

ethanol but-3-en-2-ol NH 2 

2-aminocyclobuLan-l-ol 
(" 1 " in optional in this caae) 

3. Ketones: prefix: oxo-; suffix: -one 

O H 3 C CH 3 

O If O N N^ 

, — CH-C— CH, CH, <t-CH 2 -C= 



CH 3 — CH-C— CH 3 r ^| CH 3 CH 2 -C=CK 2 

OH 4^Arj\Mimeftylanu^ 

3-bydro* y butan-2-onc cyclahex-3-en-l -one 

("1" i* optional in) this case) 

4. Aldehydes: prefix: oxo-. or formyl- (O^^CH*); suffix: -al (abbreviation: — CHO). 
An aldehyde can only be on carbon 1, ao the "1" is generally omitted from the name. 

O O OH O O O 

II II I II II II 

I1CH CH y — CH CH 2 ~ CU= CH- CH CH3CCH2CB2 — CH 

mcthnnal; cthanal; 4~hydroxybut-2-enaI 4-oxopentanal 

formaldehyde acetaldehyde 
Special case : When the chain cannot include the carbon of the CHO, the suffix "carbaldehyde ,J 
is used: 

O 



o 



CH cyclohexanecatbaldehyde 



5. Carboxylic Acids: prefix: earboxy-; $u£flx: -oic acid (abbreviation: — COOH). 
A carboxylic acid con only be on carbon 1 , so the *T P is generally omitted from the ai 



Mine. 

O O OOO CH* 

Oil Jl II t 
— CH 2 - CH-COH HC— C— C— COOH 
^w*„ — I I 

formic acid acetic acid ™ 2 CH3 

2-arnino-3-ph©nylptopanolc acid 2,2-dimcthyl-3,4- 

dioxobutanoic acid 

(Note: Chemists traditionally use, and TUPAC accepts, the names "formic acid 1 ' and "acetic 
acid 11 in place of "racthanoie acid" and "ethanoic acid".) 

Special case : When the chain numbering cannot include the carbon of the COOH. the suffix 
"carboxylic add 1 ' is nscd. See example on next page. 
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Shcm Summary of IUPAC Nomenclature, p. 7 

CHO 

Lj/ 2-f<7ru\yT-4-oxocyc)ohexaaecaftK>xylic acid 

/ \ 1 C*fortnyr is used to indicate an aldehyde as 

0=^ y COOH a substitucnt when its carbon cannot be in 

4 \ / ihe chain numbering) 

E. Naming Carbox v?fc Acid Derivatives 

The fax common groups derived from carbox ylic acids am salte t anhydrides, esters, acyl hsJidcs, 
amides, and tiitriles. Salts and esters are most important, 

1. Salts of Carboxylic Acida 

Salts are named with canon first, followed by the union nanus of die carboxylic acid, where "fc 
add" is replaced by "ate" ; 

acetic acid becomes acetate 
hutanolc acid becomes butanoate 
cyclohexanccarboxylic add becomes cyclohexaoecaiboxylate 

2« Esters 

Esters are named as "organic salts" that is, the alkyl name comes first, followed by the name of 
the carbo*yJttte anion, (common abbreviation; — COOR) 

carboxylate alkyl 



< \* 



3 



O O CH 3 O CH 

R— c— O-^—R H 3 C — Id:— O— CH 2 CH 3 H 3 C — i — <i — o — CHCH 3 

"alkanoate" ' M alkyP ethyl acetate 

alkyl alkanoate isopropyl 2,2-dimethylpropanoatc 
O 



= CH-i— O- CM= CH 2 o Z^"^— CH 2 COO-V \ 

vinyl prop-2-enoate jj \=/ / 

methyl 3-hydroxycyclopcntanecarboxylate 



IV. Nomenclature of A ro matic Compounds 

"Aromatic" compounds are those derived from benzene and similar ring Systems, As with 
aliphatic nomenclature described above, the process is: determining the root name of the parent 
ring; dete rmining priority, name, and position number of substicuents; and assembling the name . 
in alphabetical order. Functional group priorities are the same in aliphatic and aromatic 
nomenclature. 
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Short Summary of IUPAC Nomenclature, p. 8 
A. Common Parent Rinp SygjcTftg 



o 



or 




7 A 





d 3 

benzene 

naphthalene 

B. Monosnhstitutcd B enzenes 

1. Most substituenis keep their designation, followed by the word "benzene": 

CI * NO z CH 2 CH 3 

6 6 6 

uhlorofacn2cnc nitrobeny.ene ethylhenzene 

2. Some common subsliluents change the root name of the ring. IUPAC accepts these as root 
names, listed here in decreasing priority: 

COOH S0 3 H CHO OH NH* OCH3 CH3 

6 6 6 6 6 6 6 

benzoic benzene- benzuldehyde ' phenol aniline anisole toluene 
acid sulfonic acid 

C. D i SUhxti I ] iieri I* ftngr.nc.fl 

1. Designation of substitution— only three possibilities: 




Y 

common: urlho* me fa- para- 

IUPAC: 1,2- 1,3- < 1,4- 

2. Naming disuhstituted benzenes — Priorities determine rout name and substituenm 
Br COOH 




6 



HO 

II ~ 




NH 2 OCH 3 



10 



Br 3-aminobenzoic acid CHO CH 3 

1 ,4-dibio jnobenzene 2-methoxybcnzaldehy de 3- methylphenoi 
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IUPAC Recommendations on Macromolecular (Polymer) Nomenclature 
Guide Tor Authors of Papers and Reports in Polymer Science and Technology 

Edward S. Wilks 

E. I. du Pont dc Nemours & Co., Inc., Barley Mill Plaza, Wilmington, Delaware, 19880 

This Guide is easy to follow and a less formal approach to macromolecular nomenclature 
than the official IUPAC recommendations, all of which had been previously published in 
Pure and Applied Chemistry. 

It has been the goal of the IUPAC Commission on Macromolecular Nomenclature to 
Improve communication between polymer scientists by recommending unambiguous, 
standardized, and universally understood names and structure representations of 
polymers. 

A. Internationa] Union of Pure and Applied Chemistry (IUPAC) Recommendations 

A substance referred to as "a polymer 31 is different from a low-molecular- weight or "non-polymeric" 
substance in that usually it has no uniform structure; rather, it consists of a mixture of individual 
macromoleculcs. Each macromolecule has a different structural arrangement and length from the others in 
the mixture. These differences arise from such features as irregularity in monomelic unit sequences within 
chains, branching irregularities, monomeric unit orientation, and end-group structure. 

For all types of polymers - single-strand organic, double-strand organic, single-Strand inorganic, and 
coordination - the nomenclature guidelines usually apply to structural representations that are idealized or 
theoretical; considerations of chain branching, imperfections, or irregularities are excluded. 

Because of these problems, attempts to define polymeric substances rigorously arc impractical; 
graphical representation and nomenclature of polymers therefore require a different approach. Naming a 
polymer of partly known or unknown structure by the ^structure-based nomenclature system" may be 
difficult or impossible unless assumptions are made; naming it by the "source-based nomenclature system" 
may be possible, however. (Source-based and structure-based nomenclature systems arc described below.) 

A reaction involving polymerization of a monomer such as vinyl chloride is generally depicted 1 as 
" H 2 C=CH— CI — — (-CH— CHj-^p- 

ii 

The graphical representation Of Ihe polymer is ideal rather than true; it contains no information that the 
polymer contains macromolccules (individual chains) of different chain lengths, and ii assumes that all the 
repeating units are connected in an identical fashion, namely "hcad-to-tail". In a real polymer, each 
macromolecule will contain some "head-io-head" diads and some "tall-to-tail" diads. 

-(-CH-CH 2 — <jJH-CH^ -(-r;H-CH— CH-CH-^ 

Cl CI a CJ 

head-to-head diad head-to-tail diad 

The precise sequence in each macromolecule of head-to-hcad, head-to-tail, and tai(-to-taiI repeating units is 
usually unknown. 

This problem applies also to copolymers; each asymmetric comonomer that can give rise to 
asymmetric repeating units in a chain adds to the complexity. Each repeating unit can be oriented more 
than one way in a chain, and also the order of repeating units from comonomers can vary within a chain. 
For example, the copolymer from the two comonomers l-propene and 1-butcnc contains two constitutional 
Or monomeric units: 



1 
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— CH—CHr- — CH— CH— 

6h 3 6h— ch 3 

These can be combined to give several types of copolymers such as alternating, block, graft, periodic, 
random, statistical, or unspecified. 

For these situations, source-based nomenclature is used, which circumvents these problems. A 
discussion of source-based and structure*based nomenclature systems follows. 

AL IUPAC Recommendations for Source-Based Nomenclature 
ALL Nomenclature for HomopolvmerS 

A homopolymer, as the name indicates, is a polymer obtained from only one type of monomer. This 
may be either an actual monomer, e.g. a rcactant. or a hypothetical monomer; an example of the latter is a 
homopolymer formed by modifying another homopolymer. 

Homopolymcrs are named by writing the prefix -'poly", followed by the name of the actual or 
hypothetical monomer. Names of monomers having substituents or comprising at least two words are 
parenthesized. Some examples are given in Table I. 





Polymer Name Polymer Name _ 


Polymer Name 


Polymer Name 


polyacryl onitrile poly( 1 , 1 -difluoroethylene) 
polyObromosryrene) poty(ethyl acrylate) 
polybut-1 -ene polyethylene 


poly(methacryJic acid) 
poly(propyl vinyl ether) 
polyvinyl acetate^ 


polyvinyl alcohol) 
poly (vinyl fluoride) 
poly (viny lid ene fluoride) 



When multiple sets of parentheses or brackets arc needed, IUPAC recommends the use of curved 
brackets (parentheses) for the innermost application, then square brackets, then curly brackets. These are 
applied in a "Cyclical" pattern, i.e., (...), [(.„» tt(»-)1>. «[(»•)]»> K(K ->1»], *c. In contrast, Chemical 
Abstracts Service (CAS) uses curved brackets (parentheses) for the innermost application and square 
brackets for all others, i.e. (...), [(...)], [[(,..)]), etc. This CAS bracketing style is sometimes used with 
lUPAC-style names, although is has not been oficially sanctioned by IUPAC. 

Except for polyethylene, all the homopolymers in Table 1 form asymmetrical constitutional units, and 
the orientation of each constitutional unit within a chain is generally unknown. Furthermore, different 
samples of any given homopolymer represented by the same constitutional unit can exhibit different 
chemical and physical characteristics, e.g. average molecular weight or molecular weight distribution. 

Al.2. Nomenclature for Copolymers 

Any polymer derived from more than one type of monomer is usually referred to colloquially as a 
copolymer. 2 As in the case of homopolymers, each comonomcr may be an actual monomer, e.g. a reactant, 
or a hypothetical monomer. 

Copolymers arc named by writing the prefix "poly", followed by the names of the actual or 
hypothetical monomers; an infix, called a connective, is placed between them that indicates the type of 
sequential arrangement of the constitutional units within the chains. 

Table 2 lists the seven types of connectives used to indicate the sequence arrangement of constitutional 
units; examples of copolymer names arc given in Table 3. 

Table 2. IUPAC Source-Based Copolymer Classification 

Polymer Type Connective Example 

Unspecified or unknown -co- poly(A-co-B) 

Random (obeys Bemoulltan distribution) -ran- poly(A-ra?i-B) 

Simistical (obeys known statistical laws) stat- po\y{A-stat-U) 

Alternating (for two monomeric units) -alt- poly(A-g//«B) 



2 
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Periodic (ordered sequence for >2 monomelic units) -per- 
Block (linear block arrangement) -block- 
Graft (side chains connected 10 main chains) -grafl- 



po\y(A-per-B-per-C) 
polyA-6/ocA>poIyB 
polyA-graft-polyB_ 



Table 3. Examples of Source-Based Copolymer Nomenclature 
Polymer name 

Poly(propene-co-methacrylonitrile) 
Poiy[(acrylic acid)-/-OAj-(eihyI acrylate)] 
PoJy(butcnc-j^-ethylene-Jto/-styrene) 
Poly[(sebacic acid)-fl/r-butanedipl] 



Polymer game 



Polyacrylonjtrile-6/ocA-polybutadiene-6/ocA-polystyrene 
Poly [(ethylene oxide)-/wr-(ethylene oxide^peMetrahydrofuran] 
Poly isoprene-£*^-poly(methacry lie acid) 



Table 3 contains examples of common or semi-systematic names of comonomers. The systematic 
names of comonomers may also be used; thus, the polyacryIonitrile-WocA-polybutadiene-*/<x^poIystyrcne 
polymer In Tabic 3 may also be named poly(pror>2-enenltrile)-Woci-polybuta-L3-dienc-Woc^ 
poly(ethenylbenzene). IUPAC does not require alphabetized names of comonomers within a polymer 
name; many names are thus possible for some copolymers. 

IUPAC also recommends an alternative scheme for naming copolymers thai comprises use of: 
1 - "copoiy" as a prefix, followed by the names of the comonomers 

2. an oblique stroke (a solidus) to separate comonomer names 

3. addition before "copoly" of any applicable connectives listed in Tabic 2 except -co-. 

Table 4 gives the same examples Shown in Table 3 but with the alternative format. Comonomer names 
need not be parenthesized. 

Table 4. Examples of Source-Based Copolymer Nomenclature (Alternative Format) 
Polymer name 2 

copoly(propene/methacrylonitrilc) ^ ^ 

ran-copoly (aery tic acid/ethyl acrylate) 
5wr-copoly(butene/ethylcnc/sryrene) 
fl/r-copoly(scbacic acid/butanediol) 
block-copoly (aery lonitri le/buladiene/styrene) 
^er-copoly(ethylenc oxide/ethylene oxidcAetrahydrofuran) 
grq/?-copoly(isoprene/methacryUc acid) 

A 1,3. Nomenclature for Non-Linear Macromoleeules and Macromoleenlar Assemblies 

A 1997 IUPAC document 1 covers source-based nomenclature tor non-linear macromoleeules, such as 
branched* comb, cyclic, graft, network, and star polymers, and macromolccular assemblies, Such as 
interpenetrating polymer networks, polymer blends* and polymer-polymer complexes. The types of 
polymers in these classes, together with their connectives, are given in Table 5; the terms shown may be 
used as connectives, prefixes, or both to designate the features present. 

Table 5. Connectives for Non-Linear Macromoleculeg and Macromolccular Assemblies 



Type 



Branched (type unspecified) 
Branched with branch point of 

functionality f 
Comb 
Cross-link 
Cyclic 

Interpenetrating polymer network 
_Long-chai n branched 



Connective 


Type 


Connective 


branch 


Network 


net 


f-branch 


Polymer blend 


blend 


comb 


Polymer-polymer complex 


COtnpt 


v (Greek nu) 


Semi-interpenetrating polymer network 


sipn 


cyclo 


Short-chain branched 


sh-brartch 


ipn 


Star 


star 


1-braneh 


Star with f arms 


f-star 



Non-linear polymers are named by using the italicized connective as a prefix to the source-based name 
of the polymer component or components to which the prefix applies; some examples are listed in Table 6. 
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Table 6. Examples of Connectives Used as Prefixes for Non-Linear Macro molecules 

Polymer Name Polymer Structural Features 

Poly(acrylic acid>cow*-pOlyacry!onitrile Comb polymer with a poly(acrylic acid) backbone and 

polyacrylonitrile arms 

Com6-poly[ethylene-*/ar-(vinyl chloride)] Comb polymer with unspecified backbone composition 

and statistical ethylene/vinyl chloride copolymer arms 

Polybutadiene-CO^*-(polyethylcne; Comb polymer with butadiene backbone and arms of 

polypropene) polyethene and polypropene 

• 5ter-(polyA; polyB; polyC; polyD) Star polymer with every arm containing comonomers 

A, B, C, and D 

$tar-(po\yA-block-voty®-block-polyC) Star polymer with every arm comprising a tri-block 

segment containing comonomers A, B, and C 

ttar-poly(ethylcnc oxide) A Star polymer prepared from ethylene oxide 
6-jtar-poly(ethylenc oxide) A 6-arm star polymer prepared from ethylene oxide 
Stor-(polyacrylonitri1e; polyethylene) A star polymer containing polyacrylonitrile arms of 
(Kt t 20000; 50000) MW 20000 and polyethylene arms of MW 50000 

Macromolccular assemblies held together by forces other than covalent bonds are named by inserting 
the appropriate italicized connective between names of individual components; Table 7 gives examples. 

Table 7, Examples of Connectives Used for Polymer Blends and Nets 



Polymer Name 



po lyethy lene-£/era/-polyb utene 

poly(methacrylic acid)-6/e^poly(m ethyl meihacrylate) 

/w/-poly(4-meihylstyrcnc- iMlivinylbenzene) 

/*/-poly[styrcne-a/Kmaleic anhydride)]- ^(polyethylene glycol; polypropylene glycol) 

nef-poly(cthyl acrylate)^ipn-poiyethylene 

r^poly(butadiene-jraM-eihylsty^ 

A2. IUPAC Recommendations for Structure- Based Nomenclature 
A2/L Nomenclature for Regular Single-Strand Organic Polymers 

Regular, single-strand organic polymers consisting of one type of constitutional repeating unit (CRU) 
in a single sequential unit are named: 

poly(constitutional repeating unit) 
The complete repeating group is named as a bivalent organic group according to IUPAC recommendations 
for naming organic compounds. 4 Each CRU comprises one or more subunits, each of which may carry 
substituents; some examples of subunits are given in Table 8. 

Table 8. Examples of Bivalent Moieties Typically Used as Constitutional Summits" 

Name Structure Name Structure 

I-bromoethylene — CH-CH^ L-methyletham>l,l-diyr H a^ o , CH 3 



-C-CH5- 



butane- 1 ,4-diyl -CHj-CHg-CH^-CHj- 1 -oxoethane- 1 ,2-diyl ~jj~ CH 2 

l-(chloromethy])ethylene — CH-CH^- oxy ~°~ 

CH^CJ 

cyclohexanc-1 ,2-diyl 1 ,2-phenylenc ff 
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dimethylsilanediyl 


H,C ,CH a 
— Si— 


piperazine-1 ,4-diyl 


_<y- 


ethane-l,l-diyl* 


-9H- 
CH 3 


propylimino 




ethenc-l t 2-diyr 


— CH=CH— 


pyridine-3,5-diyl 




ethylene 
hydrazo 


— ch^-ch— 

— NH-NH— 


silanediyl 
succiny/ 




imino 
methylene 


— NH— 
-CHr- 


sulfanediyl* 
sulfonyl 


— S— 

—so— 



"Even when substitution is present, the largest subunit possible is selected for naming. Examples: ethylene 
is not called "mcthylenemethylcne"; terephthaloyl is not called "carbonyl-jp-phenylenecarbonyl"; 
-CH 2 -CO-CH 3 -CH 2 - is called 2-0X0butanc- 1 ,4-diy i, not ''mcthylenecarbony lethy lene*\ 
A IUPAC no longer recommends cthylidene as a name tor this subunit when it is connected to two different 
atoms. 

'TUPAC still permits vinylene as a name for this subunit, but ethene-l^-diyl is preferred. 
^lUPAC no longer recommends isopropylidene as a name for this subunii. 

•Both ^phenylene and J ,2-phenylene are permitted; IUPAC similarly permits both ro-phenylene and L3- 
phenylene, and both p-pbcnylene and 1,4-phenylene. 

'Other Similar subunit names permitted include adipoyl, glutaryl, isophthaloyl, malonyl, oxalyl, pntnaloyl, 
and lerephthaloyL 

*1UPAC still permits thio as a name for this subunit, but sulfanediyl is preferred. 

Before a CRU can be named, it must be Identified (i.e. the subunits of which it is comprised must be 
determined); and it must be oriented i.e., written in a manner that follows the guidelines developed by both 
IUPAC 4 and CAS, 5 IUPAC uses t4 poly(constitutional repeating unit)" or poly(CRU), whereas CAS names a 
polymer as "poly(structural repeating unit)" or poly(SRU); the two terms are virtually identical. The 
nomenclature principles devised by CAS and IUPAC arc nearly identical, but names of CRUs (or SRUs) 
derived by the two organizations arc sometimes different because CAS and IUPAC use different names for 
some subunits. The isopropylidene subunit is a commonly encountered example: CAS names it I- 
methylethylioene whereas IUPAC names it l-meihylethane-U-diyl. 

For most polymer structures, the CRU can be written in more than one way. 

Example 1 : in a simple polymer, such as 

_ F F F 

. iH-CHriH-CHrCH-CHf- - 



there arc two CRUs: 



F 

— 6H-CH2- 



Example 2 : in a more complex polymer, such as 

Q H a 9 H s ? H 3 

—O-tH-CHa-O-CH-CHj-O-CH-CHj- - 

there are six CRUs: 



-80*0- -0*08- 

-O^Uh- -O-O^S^- -S^HCHf- 

In Example 1, one Of the two CRUs must be selected as the preferred one; similarly, in Example 2, one 
of the six CRUs must be selected as the preferred one. In each example, the preferred CRU must then be 
oriented before it can be named correctly. 
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The complete process of identifying, orienting, and naming a CRU involves three steps, which must be 
carried oui in the order listed: 

Step A; Identifying the CRU: this is best achieved by drawing an extended segment of the chain that 
contains at least two constitutional repeating units. 

Step 6: Orienting the CRU: this is the most challenging step. Guidelines ore given below for most types of 
CRU, but comprehensive coverage of all the guidelines is outside the scope of this article. 

Step C: Naming the complete CRU: the CRU oriented in Step B Is named as a bivalent organic e r0U P 
according to the usual nomenclature guidelines for organic chemistry. 

The guidelines presented below were designed to enable determination of: (1) seniority among 
subunits, i.e., which subunit is written leftmost in the complete CRU; and (2) the direction along the chain 
in which to continue to the end of the CRU. 

(1) Seniority 

Among the bivalent subunits that comprise a single-strand CRU, the order of seniority is: 

Subunit type (a): moieties comprising heterocydes 
Examples: piperidine-3,5-diyl 
thiophenc-2,5-diyl 

Snbunh type (l>): hetero-atomic acyclic moieties 
Examples: imino 
oxy 

sulfanediyl 
sulfonyl 

Subnnh type (c)j moieties comprising carbocycles 
Examples: 1 ,3-phcnylene 

cyclohcxane- 1 ,3-diyl 

Subunit type (d); moieties comprising carbon chains 
Examples: 1 -chloroethylene 
propane- 1,3-diy I 

Seniority within subunit types (a) - (d) is determined by further guidelines: 
Subunit type (a): heterocyclcs. A nitrogen-containing ring system is senior to a ring system containing a 
heiero atom other than nitrogen. 4 ' 6 Further descending order of seniority is determined by: 

(i) the highest number of rings in the ring system 

(ii) the largest individual ring in the ring system 
(ill) the largest number of hetero atoms 

(iv) the greatest variety of hetero atoms 
Subunit type (b): hetero-atomic acyclic moieties. The senior bivalent subunit is the one nearest the top, 
right-hand corner of the periodic table; the order is: O, S, Sc, Te, N, P, As, Sb, Bi, Si, Ge, Sn, Pb, 13, Hg. 

Snbunh type (c): carbocyclic moieties. Seniority 4 is determined by: 
(i) the highest number of rings in the ring system 
(H) the largest individual ring in the ring system 

(Hi) degree of ring saturation; an unsaturated ring is senior to a saturated ring of the same size 
Rxample 3 : A 3-ring system is senior to a 2-ring system. 

Example 4 : A 2-ring system with two 6-membered rings is senior to a 2-ring system with one 6-membcrcd 
and one 5-merabered ring. 

Example 5 : A fused 2-ring system (two atoms common to both rings) is senior to a spiro 2-ring system (one 
atom common to both rings)- 7 
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S „b»nh type (d): MM* -W* groups. Descending order of seniority is determined by: 

(i) chain length (longer is senior to shorter) lAajwnumbc rt 

(ii) number of substiiuents (higher number is senior to lower number) 
(in) ascending order of locanis 

(iv) alphabetical order of names of substittient groups 

. nnlv tft the submits of the main chain or backbone. 

The seniority guidelines B iven above are applied on y » the sumuj t 

Substituenis in main-chain subunits, ei her che number of 

CRU selection unless otherwise identical chain subunits need to be dittcrenuaie y 
substituents or their alphabetical order. 

p) Direction . e „k llrt it nf h.ohc&t seniority and continues along the 

The preferred CRU is the one that begins with the subun E « mj° *™or (2) the subunit next in 

shorter one between the senior subunit and one ot its Turther occurrences. 
R*amole6: consider^ CRU ...C^O-C^^-O-C-O^-C-O-C... 

S 7 € 5 4 3 2 1 

atoms. 
O* gives: 

..x-c-o'-c-c-s-c-c.o^c.o'.c-c-s-c-c-o'-c... 

POsEitlLTeS StSls long (for this determine, reading in either direction „ pcrm.ss.ble). 

(1) -o'-c-c-s-c-c-o'-c- 

(2) -C-C-S-C-C-O'-CO'- ....... 

According to the guidelines, U» preferred path from O 1 to O s is the shorter one; of the ^J~**^ 

shO^Tmrniely above, therefore, sequence (2) when laterally reversed from .OC-S-C-C-tf-C-O 
-O l -C-0 2 -C-C-S-C-C-, becomes the preferred CRU. 

read from left to right; 

9 Write them in the order in which they were selected; 

?! Precldc tte subunit name assembly with poly; use parentheses, brackets, or both, as necessary. 

The preferred name for this CRU, written in the style >W^ itati ^"SnKein& Tan 
polySrn^thyleneoxyethylenesulfanediylethylene); poly(oxymethyleneoxyeihylcnexh.oethylenc) -s 

acceptable alternative. 

Application of these guidelines to example 2, ..^OKCUKWr- ^ fo,,owing resul " : 

2. - -«*•«■ r tion H for fm m S y iS p is on *' ,eftmost 

carbon, i.e., it is assigned the lowest possible locant when reading Irom left to right 
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The name of the polymer is thus poly[oxy(l-raethyle*hylenc)]. B 

Two more examples are shown to illustrate application of the guidelines. 
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Example 6 : polyKethylimino^thyleneimino-l^-phenylene] has the following structure: 

The steps that led to this orientation and name were: 
L One of the two nitrogen atoms is the senior subunit. 

2. The substituted N is senior to the unsubstituted one [sec subunit type (d)(ii) above]. 

3. The shorter path from the senior N to the unsubstituted N is via the ethylene subunit (two atoms 
between the two N atoms), not via the ring (three atoms between the two N atoms). 

Example 7 : poly[thiophene-2 t 4-diyl(]-oxoethyiene)oxyethylene] has the following structure: 




The steps that led to this orientation and name were: 

1 . The hetcrocycle is the senior subunit. 

2. The path length from the senior subunit to -O-, the next senior subunit, is the same in both directions 
along the CR(J* Guideline subunit type (d)(ii) is used to make a decision between the two paths of 
equal length; the Substituted subunit (1-oxoethylcne) is senior to the unsubstituted subunit (ethylene). 

The procedure for naming end-groups on CRUs is as follows: 

1 . Identify, orient, and name the CRU per the guidelines above 

2. Name the end-groups as subsiituems; use parentheses, brackets, or both, as necessary 

3. Precede the name of the left-hand end-group by the Greek letter a 

4. Precede the name of the right-hand end-group by the Greek letter to 

5. Assemble the complete name in the format: 
a-(left*hand end-group)-co-(right-hand end-group)poly(CRU) 

For symmetrical CRUs, e.g. poly (methylene), end-group names are alphabetized; the end-group that 
alphabetizes first is designated as the a end-group (see Example 8). 

Example 8 : a-chloro-a>-(trichloromethyl)poly(methylene) 

c'^c H 2-hr ccl 3 

For asymmetrical CRUs in which the two end-group names are different from one another, the a-end- 
group is cited first, regardless of alphabetic order (see Example 9). 

Example 9 : a-(trichlOrOmethyl)-Ci>-chloropoly(l ,1-difluoroethylene) 
ClgC-f-CFrCH^Cl 

Table 9 compares and contrasts structure-based and source-based names for some common polymers. 



Table 9. Structure-Based, Source-Based, and Trivial Names for Some Common Polymers 
Structure Structure-Based Names Source-Based and Trivial Names 





Poly ( 1 -acetoxy ethy lenc) 


Polyvinyl acetate) 


O-C-CH3 




6 






-fcH^CH-CN-CH^ 


Poly(but-l-ene-l ,4-diyl) 


Polybutadiene 0 
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^(jJH-CH^ Poly(l-chloroethylene) Polyvinyl chloride) 

Po ly( I -cyanoethy lene) Poly aery loniirile 

CM 

Poly(l,l-difluoroethylene) Polyvinyl idene difluoride) 

Poly(difluoromethylcne) & Poly(ielrafluoroethylene) 

— CH^-^ Poly(l ,1 -dimethylethylenc) Polyisobuiylene 



\^_f i PoJy[(2,5-dioxotctrahydrofuran- Poly(maldC anhydride-a/r-styrene) 

V CH2 "7" fl 3,4-diy!Xl-phcnylethylene)] 

Poly(l-hydroxyethylenc) Polyvinyl alcohol) 

_ -j Poly(iminoadipoyliminohexanc- PoIy(adipic acid-a//- 

-^^-P^r£" w ^ c Hz)ijT 1,6-diyl) hexamethylenediamine); nylon 66; 

00 poly(hexamethylene adipamide) 

Poly[imino(l-oxohcxane-l,6-diyl)] Poly(e-capro!actam); nylon 6 



Poly[l-(methoxycarbonyl)-l- Poly(methyl methacrylate) 

mcthyleihylenej 



Poly(methylene)* Polyethene; polyethylene 

~f O-CH^-CH^- Poly(oxyethylenc) Poly(oxirane); poly(elhylene 

oxide) 



Poly(oxyethyleneoxytcpcphthaloyl) Polyethylene tercphthalate); PET 



-f-0^^4r PoIy(oxy-l,4-phenylene) Poly(phenylene oxide) 

-(-CH-CHj^- Poly(l-mcthylethylene) Polypropylene; polypropenc 

"f^ H " c ^tV Poly(l-phenylcthylene) PoIy(ethenylbenzene); polystyrene 

VT'^T 0 ^ Poly((2.propyl-l,3-dioxane-4,6- Polyvinyl butyral) 

0, y diyl)methylene] 



CHj-CKj-CH, 



°7nis assumes polymerization of poly(butadiene) in the so-called mode, for which the CRU is usually 
written -fCH 2 -CH=CH-CH 2 ] /T -. According to CAS and TUPAC guidelines, this is incorrect; the correct 
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Structure and name are as shown in the Table. Similarly, Uoprene polymerized in the so-called I "1,4" mode 
sh 0 uld be depicted as .[WHW and named and 
'Structure-based representations -(CH})„- and -(CF 2 )»- are prererrcu iu w /v '■' 
polKdifluoromethylene). respectively; however, because of past usaee and an attempt to ^retain some 
shnilarity to ihe CRU formulas of homopolymers derived from other cthene derives, the CRU 
representations -{CH r CH 2 V and -(CF 2 -CF 2 ), r are also acceptable. 

Nomenclature for Irregular Single-Strand Organic Polymers 

The naming of each constitutional unit of an irregular, single-strand organic polymer follows the 
auidelines in section A2.1 above. The complete polymer name is constructed by com b.nmg names of 
individual constitutional units, separating them with as many solid, (oblique smokes) as necessary 
pareXLing or bracketing the complete expression, and adding the prefix "poly".' The sohdus ts used to 
indicate mat information is unavailable on the individual CRU sequence .n the polymer, tamhd 
representations of these polymers, the hyphens or dashes at each end of each CRU depict.on are shown 
completely within the enclosing parentheses; this indicates that they are not necessanly the terminal bonds 
of the rnacromolecule. The examples in table 10 illustrate application of these guidelines. 

Table 10, Nomenclature Examples of Irregular Single-Str and Organic Polymers — 

Structure . game - 



— — — J Poly(but-l -ene-1 ,4-diyl/l -viny lethylcne) 
( -CH=CH-CH-CH r / -CH— CH r )„ Note: depiction of the product from polymerization of buta- 

CH=CH 2 U-diene in the so-called "1 >" and u 1 ,4-" modes 

, PoIy(l-ch!oroclhy!ene/l-pbenylelhylcne) 

( — CH-CH- / — CH — CHj- ) n Note: re prcsention of a copolymer of vinyl chloride and 

CI styrcne 

Poly(dichloromethylene/chloromcthylenc/methylene) 

9 1 \ Note; representation ofthe idealized product from 

-CHr / — CH- / — C— I chlorination of poly(ethylene), and also from chlorination 

CI In of polyvinyl chloride) 

( f p 0 ly(l-aceioxyethylenc/l-hydroxyethylene) 

m \ Note: representation of partially hydroiyzed Kead-to-tail 

Xo*-]. po.yd-acetoxyethy.ene) 

CH - \ Poly[(l-ac*toxyethyleney(l-hydroxyethylene)/l(2-propyl- 

-CH^CHf-z-cH-cM,— /— 1 \ ],3-dioxane-4,6-diyl)methylene]J 

6h o-g-CH s 6^.6 I Note: representation of polyvinyl alcohol) partially 

o Cri r CHi-CH 3 f t COn verted to poly[(vinyl acetate)-co-(vinyl butyral)J 

A23. Nomenclature for Regular Double-Strand Organic Polymers 

Every rnacromolecule in a double-strand polymer contains a continuous sequence of rings; there arc no 
siiiElc acyclic bonds: Spiro polymers have one atom in common in adjacent rings. Ladder polymers have 
two or more atoms in common in adjacent rings. As for linear single-strand polymers i a double-strand 
polymer CRU must be identified and oriented before the polymer can be named.* The CRU IS a multivalent 
group (usually tetravalcnt) in which attachment to all (usually four) atoms is cued. The CRU is named 
according to the IUPAC guidelines for organic nomenclature. 4 The polymer is named in the style 

poly(consiitutional repeating unit) 
Since double-Strand polymers have no single, acyclic bonds, the CRU can be defined only by breaking 
rings. When rings are broken, the following guidelines are applied in decreasing order of priority: 

Guideline 1: Minimize the number of free valencies in the CRU- 

Guideline 2i Maximize the number of most preferred hetero^atoms in the ring system. 

Guideline 3: Maintain intact the most preferred ring system. 4 
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Further decisions are based upon: 
Guideline 4: Ring system seniority 4 5 

Guideline 5: Orientation of the CRU to place the lowest free-valence locant at the lower-left position of the 
structural diagram t ... . ~ D1 , 

Guideline 6: Placement of any acyclic subunits on the right side of the structural diagram, within the CRU 

Three examples are shown to illustrate application of the guidelines. 

Example 10 : for the ladder polymer 




comprising adjacent, six-membered, saturated carbon rings, the preferred CRU is an acyclic subunit of four 
carbon atoms with four free valencies, one at each atom. The lower-left atom is assigned the lowest locant. 

m 

Within the CRU name, the free-valence locants are written immediately before the end of the 
tetravalent unit to which they apply. The locants are cited clockwise from the lower-right position; thus, 
they arc always cited, complete with punctuation (commas and colon), in the following order and manner. 

lower-left, upper-left:upper-right, lower-right 
The name of this ladder polymer is po Iy(bulane- 1,4:3 ,2-tctrayl)- 

Example II : For the ladder polymer 




which contains one type of heterocyclic ring that alternates with one type of carbocyclic ring, the 
heterocyclic ring is senior to the carbocyclic ring (see Guideline 2 above); therefore the carbocyclic ring is 
broken, the heterocyclic ring Is placed leftmost, and the two acyclic chains resulting from fracture of the 
carbocyclic ring are placed to the right of the cyclic subunit (see Guideline 6 above). 




The name of this ladder polymer is poly (l,4-dithiin-2,3:5,6-ietray 1-5 ,6-dicarbonyl). 
Example 12: The spiro polymer 

1)000000000 

contains three-rings - two 1,3-dioxanc rings (racing in opposite directions) and a cyclohexane ring. The 
preferred CRU retains the two 1,3-dioxane rings, and th& carbocyclic ring is broken (sec Guideline 2 
above). The acyclic fragments are placed to the right of the cyclic subunits (see Guideline 6 above). 
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The name of this spiro polymer is poly(2,4^JO-tetraoxaspiro(5.5]undecane-3,3:9,9-tetrayl^^diethylcnc). 

A2.4. Nomenclature for Regular Single-Strand Inorganic and Coordination Polymers 

lUl'AC names of inorganic and coordination polymers 10 are based on ihe fundamental principles of 
nomenclature developed for organic polymers. The CRU must thus be defined and oriented before it can be 
named. However, owing to basic differences between inorganic and organic nomenclature, subunits of 
inorganic CRUs are named as inorganic or coordination groups, which include covalent or coordinate 
bonding, respectively. The polymer is named by attaching to the name of the CRU a suitable prefix, such as 
"poly" or u catenee\ 

CRU orientation depends upon seniorities of, and preferred direction for citation of, each constituent 
summit. The principle of coordination nomenclature places emphasis on a coordination centre. The 
constituent subunit of highest seniority must therefore contain ax least one central atom; bridging groups 
between central backbone atoms have lower seniority. When there arc two Or more central atoms in the 
CRU of a linear inorganic or coordination polymer, the senior Subunit is the one containing the central 
atom occurring latest in the following atom sequence. 10 

F, CI, Br, I, At, O, S, Se, Te, Po, N. P, As, Sb, Di, C, Si, Ge, Sn, Pb, B, Al, Ga, In, Tl, 2n, Cd, Hg, Cu, Ag, 
Au, Ni, Pd, Pt, Co, Rh, Ir, Fc, Ru, Os, Mn, Tc, Re, Cr, Mo, W, V. No, Ta, Ti, Zr, Hf, Sc s Y, La -» Lu, Ac - 
Lr, Be, Mg, Ca, Sr, Ba, Ra, Li, Na, K, Rb, Cs, Fr, He, Ne, Ar, Kr, Xe, Rn. 

This seniority order differs from that applied to hetero atoms used for organic polymer nomenclature 
guidelines/ 

When further choice is necessary for selection of a senior subunit, preference is given, in order, to; 

1 . A poly nuclear coordination centre, in order of decreasing number of central atoms. 

2. The central atom or coordination centre with the greatest number of attached coordinating atoms, 
excluding coordinating atoms of bridging ligands in the polymer chain backbone. 

3. The central atom or coordination centre, the name of which (including ligands and any multiplying 
prefixes other than bridging ligands in the polymer chain backbone) alphabetizes first- 

Table 1 1 gives examples of application of these guidelines. 

Table II. Examples of IUPAC Jnorgamc Npmenclaure 

Structure Name 



Ph 



ca/e*0-poly[methylphenyltjn] 




CI CH 3 
NH, 



c<3rr^Ma-poly[(dlchlorosilicon)(dimethylsiiicon)) 



cofefja-poly[(amminechloroz"mc)-^-chloror 



-(-f- c| -hr 



CI 




C£2/ertj-poly[(dihydroboron)-/;-{dimethylamido)J a 
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HjC-CH 2 CHj-CH, catemi-poly[copper-[^-chloro-bis-^-(diethyl disulfide-£:SO]-copper-jW-chlorO] 6 
HgC-Cr^ CH 2 -CH3 

"Many coordination polymers contain a mononuclear central atom with a bridging Jigand. CRUs wilh this 
type of structure arc named by Citing (1) the central atom, together wilh any attached, non-bridging groups, 
which are cited as a prefix to the central atom; (2) ihc Greek letter^; and (3) the bridging ligand name. 
^Multiple bridging li gauds between two centra) atoms are alphabetized. For bridging ligands, italicized 
element symbols (separated by a colon) that indicate the coordinating atoms are Cited in the direction in 
which the CRU is read, i.e. left to right 

A2.S. Nomenclature for Regular Quasi-Single-Strand Coordination Polymers 

CRUs comprising backbones with one mononuclear central atom and two or more bridging ligands 
(alike or different), or a chelating ligand, arc named as follows: (I) cite the name of the central atom, 
prefixed by the names of its associated non-bridging ligand(s); (2) cite the names or the bridging ligands, 
each prefixed by the Greek letter ^. If there are two or more identical bridging ligands, an appropriate 
numerical prefix is added to indicate the number. 10 For polymers with identical bridging ligands, the 
general polymer name formal is: 

cflf<2Htf-poly[(assoeiatcd 

non-bridging ligands)mononuclear central atom-/; -bridging Jigand(s)J 
For two or more non-identical bridging ligands, the names of the ligands are alphabetized: 

cafew7-poly[(associaied non-bridging Ijgands)mononuclear central atom-^-bridging ligand a-//-bridgmg 
ligand b| 

Parentheses, brackets, or both, are used as needed. Table 12 shows application of these guidelines. 

Table 12. Nomenclature Examples for qua si- Single-Strand Coordination Polymers 
Structure Name Structure Name 

^ c^rta-poly[pallBdium-di-//-ch|oro] ^TT^O^ ciaife?na-poly[titanium-tri-^-chJoroJ 
"V MW«o-poly[siiIcon-di-//-thioJ "Ap^'V c^*™-poly[pIatinum(/H>rOmo-u- 



B. Common, Semi-Systematic, and Trivial Names Usage 

Chemical nomenclature's primary goal is 10 identify chemical substances by their names so that 
scientists can communicate data about them without the need for representations of chemical structure. 
Systematic chemical nomenclature systems were designed specifically to enable readers to deduce 
chemicaJ structures of substances from names. As discussed above, structure-based names of polymers are 
based on their structural features. 

For many frequently used substances, however, traditional names not necessarily related to the 
chemical structures they represent have existed for over 40 years, and they are still used daily. These 
traditional names are usually referred to as common, semi-systematic, or trivial names. Provided there is no 
ambiguity, IUPAC allows continued use of such names, both for polymers and for polymer fragments, 
moieties, or subunilS. rUPAC acknowledges that many common polymers have well established and 
frequently used semi -systematic or trivial names, and it is not intended that structure-based names should 
now displace them. Nevertheless, IUPAC encourages minimal use of semi-systematic or trivial polymer 
names in scientific communications. Examples of semi-systematic or trivial names still permitted include 
adipoyl, ethylene, isophthaioyl, malonyl, oxalyl, phthaloyl, succinyl, and tcrephthaioyi. 
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Table 13 gives some examples of common, semi-systematic, or trivial monomer names, together with 
their corresponding IUPAC systematic names. Table 14 lists some examples of common, semi-systematic 
or trivial polymer names, together with their IUPAC systematic, structure-based names- 
Table 13. Selected Common Monomers: Common, Semi-Systematic, or Trivial Names vs. IUPAC 
Structure-Based Names 



Common, Semi-Systematic, or Trivial Names 

2,2-Bis(p-hydroxyphenyl)prOpane; bisphenol A; BPA 

Bis(4-i$ocyanatophenyl)methane; 
4,4-diisocyanatodiphenylmeihane; 
4,4'-methylenebis<phenyl isocyanate); 
4,4 -methylenediphenyl diisocyanate; MD1 

Caprolactam 

1,4-Cyclohexylene diisocyanate; CHD1; 
1 ,4-diisocyanatocyciohexane 

1 ,2-Diaminocyclohexane 

Diaminodiphenyl ether; DAPE; ODA; 4,4'-ODA 

1 ,6-DiIsocyanatohexane; HDI; HMDI 

2,4-Diisocyanatotolucne; 2,4-TDI; 
2,4-lolylenc diisocyanate 

Ethylene glycol 

Hexamcthylenediamine; HMD; HMDA 
Isophorone diisocyanate; IPD1 

Pyromellitic dianhydride; PMDA 



_Typ1cal IUPAC Name' 



4,4'-(l-Methylethanc-l,l-diyl)diphenol 
Metbyiencdi-l ,4-phenylene diisocyanate 



Hexano-oMactam 

Cyclohexane-l ,4-diyl diisocyanate 

Cyclohexanc- 1 ,2-diamine 
4,4-Oxydianiline 
Hexanc-l,6-diyl diisocyanate 
4-Methyl-l,3-phenylcne diisocyanaie 

Elhane-l,2-diol 

Hcxane-l,6-diaroine 

3-(lsocyanatomethyl)-3,5,5- 
trimcthylcyclohexyl isocyanate* 

Benzene- 1 ,2,4,5-tetracarboxylic dianhydride 



^UPAC substance names are always unambiguous, but Ihey are not necessarily unique; a substance may 
therefore have more than one IUPAC name. Some typical names arc given. 

The IUPAC name for IPDI is appreciably different from the uninverted CAS name 5-isocyanato-l - 
(isocyanatomethyl)-l,3,3-trimclhylcyclohexane. This difference arises because IUPAC names IPDI as an 
ester of isocyanic acid, whereas CAS names it as a substituted cyclohexanc (according to CAS 9CI 
nomenclature, 11 the -NCO group is not classified as a functional group). 

Table 14. Selected Common Polymers*. Common, StminSystemattc, or Trivial Names vs. ICJPAC 
Structure-Baaed Names 



Common. Semi-Systematic, or Trivial Names 

2^-BiS(4-hydroxyphenyl)propane polycarbonate; bisphenol Poly [oxycarbonyloxy-1 ,4-phenylcne(l - 
A polycarbonate methylethane-l.l^iyD-l^phenylena] 

Polycaprolactam; polycaproamide; nylon 6 Poly[imino(l-oxohexanc-l,6-diyl)] 

Polyetherketone; PEK Poly(oxy-1 ,4-phenylcnecarbonyl- 1 ,4- 

phenylene) 

Polyethylene oxide), polyoxyethylene; PEO Poly(oxyethylene) 

Polyethylene terephthalate); PET; PETP; PET£ a Poly(oxyethylcneoxytercphthaloyl) 

Poly(hexamethylene adipamide); nylon 66 Poly(iminoadipoyliminohcxane-l,6-diyl) 

Poly(phenylene sulfide); polyfc-phenylene sulfide); PPS Poly(thio-l ,4-phenylcne) 

Poly(tetramelhylene oxide); polyoxytetramethylene; PTMO Poly(oxybutane-1 ,4-diyl) 



IUPAC Structure-Based Name 



°In the United Stales, PETE is frequently stamped on or molded into the bottom of PET bottles for the 
purpose of classifying or identifying the plastic type during recycling operations. 
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Abbreviations and acronyms are used widely for both non-polymeric and polymeric substances, as 
well as for additives, modifiers, and fillers. When creating acronyms, scientists unfortunately rarely 
consider uniqueness. Thus, AA has been used for both acrylic acid and adipic acid, while AN has been used 
for both acrylonitrile and ammonium nitrate. To include a list of acronyms here would therefore serve little 
purpose, because new ones are created daily. IUPAC recommends that every author who writes a chemical 
publication should define each abbreviation used therein in a list near the beginning of the paper, 13 IUPAC 
has recommended standard abbreviations for representing polymers. 14 The fourth edition of ih*} Polymer 
Handbook contains a list of commonly used abbreviations recognized by international organizations. 15 
Publication titles should cite acronyms or abbreviations only if they are defined within the title. An 
example is "Preparation of poly(meihyl meihacrylaie) (PMMA)". 

C. Polymer Class Names 

Many publications (encyclopedias, handbooks, indexes, textbooks, etc.) that discuss polymer 
nomenclature group information on polymers under polymer class names. These classes are not mutually 
exclusive; some are very specific, whereas others arc more generic. Tabic 15 lists most of ihe terms 
commonly encountered in such publications. 



Table 15. List of Commonly Encountered Polymer Class Names 



Column 1 


Column 2 


Column 3 


Column 4 


Acrylic polymers 


Polyarylenes 


Polyimidazolcs 


Polysilazanes 


Alkyd resins 


Polyazomethines 


Polyimides 


Polysiloxanes 


Am inop lasts 


Polybcnzimidazoles 


Polyimines 


Polysi lsesquioxanes 


Coumarone-indene-resins 


Polybenzothiazolcs 


Polyisocyanurates 


Polysulrldes 


Epoxy resins 


Po ly henzoxazinones 


Polykctoncs 


Polysulfonumides 


Fluoropolymers 


Polybenzoxazoles 


Polyolefms 


Polysulfones 


Phenolic resins 


Polybenzyls 


Polyoxadiazoles 


Polythiazoles 


Polyacetals 


Polycarbodiimides 


Polyoxides 


Polythioalkylenes 


Polyacetylenes 


Polycarbonates 


Polyoxyalkylenes 


Polythioarylenes 


Polyacrylics 


Polycarboranes 


Polyoxyary lenes 


Polythiocthcrs 


Polyalkcnylcncs 


Polycarbosilanes 


Polyoxymethylenes 


Polythiomethylenes 


Polyalkylcncs 


Polycyanuraies 


Polyoxyphenyienes 


Polythiophenylenes 


Polyaikynylenes 


Polydicncs 


Polypheny Is 


Polyureas 


Polyamic acids 


Polyester- polyurethanes 


Polyphosphazcncs 


Polyurethanes 


Polyamides 


Polyesters 


Polypyrroies 


Polyvinyl acetaJs 


Polyamincs 


Polyethereiherketones 


Polypyrrones 


Polyvinyl butyrals 


Polyanhydridcs 


Polycthcr-po ly urc thanes 


Polyquinolines 


Polyvinyl formals 


Polyarylenealkenylenes 


Polycthcrs 


Polyquinoxalines 


Vinyl polymers 


Polvarylenealkylenes 


Polvhvdrazides 


Polvsilanes 





D. References and Notes 



1. IUPAC recommends that subscripts 4t n" and **x" denoting multiplicities of polymeric sequences, 
should be italicized, or (in ihe absence of italics), underlined. 

2. Unfortunately the word "copolymer'* is used also to indicate a polymer containing two types of 
monomer. Use of the word "bipolyrncr" for a polymer containing two types of monomer would be in 
accord with use of "terpolymer" for a polymer containing three types of monomer, "quaterpolymer" 
(rather than tetrapolymer) for a polymer containing four types of monomer, etc. 

3. IUPAC: "Source-Based Nomenclature for Non-Linear Macromolecules and Macromolecular 
Assemblies (Recommendations 1997)." Pure AppL Chem., 1997, 69, 251 1-2521 . 

4. IUPAC: "Nomenclature of Regular Single-Strand Organic Polymers (Recommendations 1975)." Pure 
Appl Chem., 1976, 48, 373-385; reprinted as chapter 5 in ref 1 8. 
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5. Chemical Abstract Service, 2540 Olemangy River Road, P.O. Box 3012 Columbus. OH 43210: CA 
IrukTSuide, Appendix IV: Chemical Substar.ee Index Nan.es (© 1999). Section 222 - Description of 

6. IU^tSShSISw of Regular Double-Strand (Udder and Spiro) Organic Polymers 
(Recommendations 1993)." Pure Appl. Chem., 1993, 65, 

7. Concerning ring seniority, there is one difference between the IUPAC recommendations and the CAS 
principles: everything else being equal, IUPAC prefers a ftsed ring system to a spiro nog ^system 
whereas CAS prefers a spiro ring system to a fused ring system. 1 he reason for this one d^crence is 

8. tSsmL corresponds strictly to a polymer composed entirely of -O-CHfMe^CH,- units .For (his 
polymer, frequently called simply "polyoxypropylene", CAS ^^Tru^JT^ ^M^' 
in rccognitionof the occurrence within the polymer of both -O-CItfMeKHr and -0-CHi-CH(Mc)- 
units, CAS names it poly[oxy(methyl-l,2-ethanediyl)], and the accompanying structure ; reflects , tlie 
unspecified position of the methyl group. For the sub-unit -CHrCH,-, CAS uses 1,2-ethaned.yl, 
whereas IUPAC permits ethane-l,2-diyl but still prefers ethylene. „ , 

9 IUPAC: "Structure-Based Nomenclature for Irregular Single-Strand Organic Polymers 
(Recommendations 1994)." Pure /Jpp/.C/ie/»., 1994,(5(5,872-889. 

10. IUPAC: "Nomenclature for Regular Single-Strand and Quasi Single-Strand Inorganic and 
Coordination Polymers (Recommendations 1984)." Pure Appl. Chem., 1985, 57, 149-168; reprinted as 

chapter 6 in ref. 1 8. , ... „ ,, , 

11. The so-called 9CI nomenclature was introduced by CAS at the beginning ot the Ninth Collective Index 
period (1972). The reasons for its introduction were delineated in the Ninth Collective CA Index Guide 
and in a journal article (see ref. 12). , 

12. Donaldson, N.; Powell, W. H.; Rowlett Jr., R. J.; White, R. W.; Yorka, K. V. "Chemical Abstracts 
Index Numes for Chemical Substances in the Ninth Collective Period (1972-1976)." J. Chem. DOC, 
1974 14 3-15. 

13. IUPAC: "Use of Abbreviations in the Chemical Literature (Recommendations 1979)." Pure Appl. 
Chem., 1980,52,2229-2232. . 

14. IUPAC: l OJse of Abbreviations for -Names of Polymeric Substances (Recommendations 1986). Pure 
Appl Chem., 1987, 59, 691-693; reprinted as chapter 9 in ref. 18. 

15 Elias H.-G. "Abbreviations for Thermoplastics, Thermosets, Fibers, Elastomers, and Additives, 
Brandrup, J.; ImmorgUt, E- 11.; Grulkc E. A. (eds.): Polymer Handbook, 4th ed., VII:1-24 T John Wiley 
& Sons, Inc., New York, 1998. 

Six additional references, not cited in the text of this document, also discuss polymer nomenclature: 

16. Wilks, E. S. "Macromolecular Nomenclature Note No. 17: Whither Nomenclature?" Potym. Prepr.. 
1999, 40(2), 6-11. This article lists all significant documents on polymer nomenclature published in the 
last 50 years. 

17. IUPAC; "Source-Based Nomenclature Tor Copolymers (Recommendations 1985)." Pure Appl. Chem., 
1985, 57, 1427-1440; reprinted as chapter 7 in ref. 16. 

18. IUPAC: Compendium of Macromolecular Nomenclature ("Purple Book"), Metanomski, W. V. (ed.), 
Blackwell Sci. Publ,, Oxford 1991. The book is out of print; an electronic version is available at 
website hUp;//www.iupac.org/divisions/lV/indCX,btml. 

19. American Chemical Society: "A Structure-Based Nomenclature for Linear Polymers." 
Macromohcules 1968, /, 193-198. 

20. American Chemical Society: "A $tructurc-Base4 Nomenclature for Linear Polymers. Polym. i repr. 

u IUPAC: "Report on Nomenclature in the Field of Macro-molecules (1951): Section VII - Linear High 
Polymers." J. Polym, Sci 1952, 8, 257-277. 
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Alkoxy group - Wikipedia, the free encyclopedia Page 1 of 1 

Alkoxy group 

From WikipttUa, the free encyclopedia, /. 
(Redirected from Alkoxy) 

•i 

In chemistry, the alkoxyl group is an alkyl group linked to oxygen thus: R-O- 
In this function, represent the ulkyl t toup. 
An example would be the methoxy group GN 3 Q- 
Retrieved from ^ ^ltlp://etl.wilcipedi^Q^g/wiki/A!koxy_g^oup ,, 
Categories: Functional £roups 



• This page was last modified 23:55, 30 Jime 2004, 

* All text is available under the terms of the GNU Free 
Documentation License (sec Copyrights for details), 
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Answers.com* 



Search 



alkoxy 

Or did you mean: alk oxy group 

Sci-Tech Dictionary n c 

Professional 



Mc 
Gravu 
Hill 



alkoxy (arkak-sS) 

(organic chemistry) An alkyl radical attached to a molecule by oxygen, such as the ethoxy radical. 

Or did you mean: alkoxy group 

Post a question to the \l?SdAn$w^Commuiiity, 



Get the FREE Answers.com IE Toolbarl Download Now More Info 
brilliant bet 9 at : m rotte/s rtgMtfb * 
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thefreedictionary.com 

In chemistry, the alkoxyl group is an alkyl group linked to oxygen thus: R-O- 
In this function, R represents the alkvl group . 

An example would be the methoxy group CHgO", likewise sodium ethoxide is the sodium 
salt of ethanol CH 3 CH 2 0"Na + . 

This article Is copied from an article, on, WtH,\^m - me free encyclopedia created and edited oy online user community. The text was not checked 
or edited by anyone on our staff. Although the vast majority of the WUdpedla® encyclopedia articles provide accurate and tfmery Information please 
do not assume the accuracy of any particular artlele. This article Is distributed under the terms of GNU Free Documenlatlon Llcansa 

Please bookmark with social media, your votes are noticed and appreciated: 
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hydrosilylation: Definition and Much More from Answers.com Page 1 of 1 

Answers.com™ 

Technology 
Science > Sci-Tech Dictionary 

hydrosilylation 

(IhTdro'sUe'ashon) 

{organic chemistry) The addition of a Si-H bond to a C-C double bond of an olefin, 

hydrosilylation Fjfoaj 
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Organosilicon - Wikipedia, the free encyclopedia 

Silyl hydrides can even take up the reduction of rohust molecules such as carbon dioxide (to methane) 
[10]. 

Although it takes a very complex catalyst system. 
Hydrosilylation 

Silyl hydrides react with various unsaturated substrates such as alkenes, alkynes, imines, carbonyls an< 
oximes to new organosilicon compounds in hydrosilylation. In the reaction of triphenylsilyl h y drid * 
with phenylacetylene the reaction product is a trans or cis or the geminal vinyl silane, for example 



PT0 12)046/046 

Page 4 of 6 



In the related silylmetalation, a metal replaces the hydrogen atom. 

Silenes 

Organosilicon compounds unlike their carbon counterparts do not have a rich double bond chemistry 
due to the large difference in electronegativity. Existing compounds with organosilene Si^C bonds are 
laboratory curiosities such as the silicon benzene analogue silabenzene, and Si=Si bond containing 
disilenes. 

Hypercoordinated silicon 

Unlike carbon, silicon compounds can be coordinated to five atoms as well in a group of compounds 
ranging from so-called silatranes to a uniquely stable pentaorganosilicate [12J : 




NBlV 



See also 

■ Compounds of carbon with period 3 elements: organo aluminum compounds, organosilicon 
compounds, organophosphorus compounds, organosulfur compounds, 

■ Compounds of carbon with other group 14 elements: organosilicon compounds, 
organogermanium compounds, organotin compounds, organolead compounds. 
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